Striated muscle cells of vertebrates are of mesodermal origin and particularly of the paraxial mesoderm by way of the segmentally arranged somites.
Centain parts of the voluntary musculature, e.g. those of the limbs, tongue and orbit appear to arise independently of the somites, and differentiate in situ in the mesenchyme l.
The paraxial mesoderm consists of longitudinal masses on either side of the notochord and arises from the intra-embryonic mesoderm.
In man, by the twenty-first day of development, the paraxial me soderm on either side of the notochordal process and, later, of the definitive notochord, begins to segment into paired cubical masses called somites. During the period of somite formation, which in man extends approximately from the twenty-first to thirtieth day of development, the embryo is said to be in the somite stage. Altogether 42-44 pairs of somites are formed in the human embryo, and in embryos of 32 days (5mm C.R. length) each somite begins to differentiate into three portions: a myotome which gives origin to muscle, a dermotome which is concerned with the integumentary tissues and a sclerotome which is related to the development of the axial skeleton. The cells of the myotome are embryonic muscle cells or myoblasts which begin to undergo elongation and from condensed groups of cells with their long axis parallel 11 . They each contain a single nucleus and proliferate by mitosis.
Different muscles differ in the time at wich the first myoblasts are recog nizable and in their subsequent differentiation.
Muscle fibres in the tongue differentiate well ahead of those in the limbs and trunk.
In the tongue cross striated fibrils can be found as early as six weeks 10 . In the limbs, however, only after the 8th week of embryonic life may the muscle cells be identified as much more complex units called myotubes. These cells are larger, have parallel sides and an axial row of multiple nuclei lying in a pale core of cytoplasm. Cross striated fibrils lie at the periphery along the long axis of the cell. From the 8th week onwards new myoblasts continue to differentiate from the mesen chyme.
Later, during the 5th month of development the nuclei of mature myotubes begin to move to their permanent surface position underneath the plasma membrane, the cells reaching the stage of myofibres. Now, very nume rous and well organised myofibrils occupy the central part of the fibre.
It is the general belief that from this stage onwards voluntary muscle continues to grow in two ways: by recruitment of new myoblasts from adjacent mesen chyme, and by progressive enlargement of the muscle fibres, the last becoming relatively more and more important the older the foetus 6,7,9,10,27 .
The mechanism of how muscle fibres become multinucleated during embryonic myogenesis and regeneration in vivo, or during the process of diffe rentiation in tissue cultures in vitro has been the subject of continuous dis cussion. No definite solution has yet been found. Three explanations exist as to how the large, multinucleated skeletal muscle fibres arise from myoblastsa) Each muscle fibre is a syncytium resulting from the fusion of many separate cells. b) Each myoblast grows markedly in length but the rapid multiplication of the nuclei by amitosis is not accompanied by division of the cytoplasm. Hence a multinucleated cell is produced. c) Both processes of development may occur. The aim of the present investigation is to bring some contribution for better knowledge of this matter. (Figs. 8, 9, 10) . The indentations were bounded by the plasma membranes of both cells giving in some sections the false impression that tubules occurred in the cytoplasm of some well developed muscle cells.
COMMENTS
Schwann expressed the opinion that, in the pig, the muscle fibres arose by the alignment of the primitive cells into parallel rows in which these cells were arranged in an end-to-end fashion 24 . He considered that linear coalescent of these cells produced the elongated multinucleated muscle fibres. This is called the polygenistic or polycellular theory. This polygenistic view was soon contested by Remak who believed that each multinucleated muscle fibre arose by growth and nuclear division of a single embryonic cell, avoiding the process of cytodieresis 21 . Remak's view was termed the monogenistic or unicellular theory.
The emphasis placed on amitotic events at the end of the nineteenth century reinforced the acceptance of the unicellular mechanism of multinucleation of muscle fibres, but brought more confusion to the matter.
Many recent reports re-emphasize the thesis that amitotic division of myoblast and myotube nuclei without cytoplasmic division leads to multinucleation 3,18,20.
Numerous other works have been carried out to reinforce both the poly genistic and the monogenistic theories.
This literature is confusing and there has been much conflict of opinion as to how the myoblast becomes converted into the multinucleated and highly specialized muscle fibre.
A modification of the polygenistic theory stipulates that multinucleation is achieved by the fusion of mitotically dividing mononucleated myoblasts and or with a myotube con taining non-dividing nuclei.
Direct observations in tissue cultures on the fusion of myoblasts into multinucleated myotubes were reported by Rinaldini (1957) 23 19 . Muscle syncytium arising as a result of cell fusion has also been demonstrated by several other techniques which will now be discussed. There is no evidence of DNA synthesis either by the microspectrophotometric determination of Feulgen-DNA per nucleus 2,8,15 ( 0 r by radioautographic tech niques to detect the incorporation of isotopically labelled DNA precursors. The syncytial nuclei do not incorporate any of the labelled precursors although mononucleated cells do. Later, some of these mononucleated cells appear within the syncytium 4.25.28.
The occurrence of fusion of myoblasts in vivo was demonstrated in experiments by Mintz and Baker (1967) 1 ?.
The work of Konigsberg 13,14 and his collaborators has provided not only observations of the fusion of myoblasts but also a partial answer to one of the most serious problems in the investigation of the early stages of myogenesis (prior to fusion), i.e. the distinction of myogenic cells from fibroblasts. To obtain this evidence they use the method of Clonal Analysis. By this method in the earliest stage of myogenesis colonies of myoblasts can be distinguished from colonies of fibroblasts.
Cell suspensions are prepared from developing muscle dissected from the embryonic stage of experimental animals. These cells are pipetted into a series of Petri dishes containing liquid nutrient medium and incubated at body temperature.
Fibroblasts form colonies of cells which are rather spread out and stay separate from one another: they exhibit extensive irregular membranes and shapes.
Myoblasts on the other hand form colonies of cells that are usually fusiform with rather regular membranes and which, after ceasing to divide, begin to fuse to form a syncytium. The work of Konigsberg and his collaborators, however, are based on experiments with embryos of chickens, mice and rats.
Human myoblasts are flatter cells than those of birds, mice and rats and the only convincing time for these authors to distinguish clonal colonies of human myoblasts is when these cells have already shown some differentiation into myotubes.
In a previous report the authors observed that myoblasts, the cells from which muscle is derived, are mononucleated cells which during the period from nine to eighteen weeks development show the greatest degree of mitotic activity 16 . During this period the myoblasts may occur in isolation or in groups and also in association with more mature muscle cells, the myotubes.
The myoblasts have a large single nucleus and a relatively small amount of cytoplasm. The plasma membrane of the myoblast is a well defined electron dense structure. Basement membrane does not occur around isolated myoblasts but is seen around myoblasts lying in apposition to myotubes (Fig. 11) , par ticularly during mitotic division. Myoblasts which appear to have undergone amitotic division also occur but two daughter cells arise from this division and not a multinucleated cell. Myotubes are also present at nine weeks development and are prevalent in the muscle up to eighteen weeks development. They are multinucleated cells whose nuclei lie in a row in the centre of the cell and whose myofibrils lie peripherally. The striated pattern of the myofibril is evident even at nine weeks development.
Some myotubes exhibit a well defined plasma membrane surrounded by a distinct basement membrane but groups of myotubes also occur which share a common basement membrane tube.
In the present investigation it was possible to observe that disintegration of the plasma membranes of adjacent myoblasts and myotubes appears to occur in longitudinally disposed cells of those categories which share a common basement membrane tube and this may help to explain how further nuclei may be incorporated into well developed myotubes. Deep indentations of the cyto plasm and the plasma membranes of adjacent myotubes at different stages of development are occasionally seen. This gives rise to finger-like processes along the surfaces of contact of both cells. The significance of such processes is a subject for speculation. After eighteen weeks development the muscle is formed almost exclusively of muscle fibres, the nuclei of which lie at the periphery of the cell and the greater part of the cell contains well organised myofibrils. From about twenty weeks development the muscle does not contain myoblasts which are isolated from the other muscle cells but there occur beneath the basement membrane of the muscle fibres mononucleated cells similar in appearance to cells found in the same situation as in adult muscle. These latter cells are satellite cells or myoblasts.
SUMMARY
The authors studied by electron microscopy the muscle of 27 human foetuses ranging from 9 weeks to 9 months development.
It was possible to observe that disintegration of the plasma membranes of adjacent myoblasts and myotubes which share a common basement membrane tube appears to occur in longitudinally disposed cells of those categories. This may help to explain how further nuclei may be incorporated into well developed myotubes and how the striated muscle cells become multinucleated during embryonic myogenesis and regeneration in vivo.
RESUMO

Ultraestrutura do músculo humano em desenvolvimento: o problema da multinucleação das células musculares estriadas.
As células musculares estriadas dos vertebrados são de origem mesodérmica, particularmente do mesoderma para-axial localizado nos somitos.
No embrião humano de 32 dias cada somito inicia um processo de diferenciação em três porções: o miótomo que dá origem ao músculo, o dermátomo e o esclerótomo. No miótomo proliferam as células musculares embrionárias mononucleadas, os mioblastos. A partir da oitava semana de vida embrionária já são observadas células musculares mais diferenciadas, os miotubos: são células com mais de um núcleo de localização central.
Ao redor dos núcleos, são observadas as miofibrilas. A partir do quinto mês de vida intra-interina, os núcleos migram para a periferia do citoplasma, para as porções sub-sarcolêmicas, dando origem às fibras musculares propriamente ditas.
Há três teorias sobre o mecanismo de multinucleação das células musculares: a) cada célula muscular multinu¬ cleada é um sincício resultante da fusão de várias células musculares mononucleadas; b) divisão do núcleo, sem divisão do citoplasma (amitose); c) ocorrência de ambos os processos.
No presente trabalho, foram estudadas por microscopia eletrônica células musculares provenientes de 27 fetos humanos variando de 9 semanas de vida embrionária até 9 meses. Foi possível se observar que mioblastos em mitose são comuns entre os miotubos e que os mesmos localizam-se entre a membrana plasmática e a membrana basal dos miotubos. Foi possível ainda se observar em vários campos examinados a presença de mioblastos situados nas extremidades de miotubos ou entre dois miotubos longitudinalmente dispostos cujas membranas plasmáticas justapostas encontravam-se em degeneração sugerindo uma possível anexação das células mais jovens (mioblastos) pelas células mais diferenciadas (miotubos).
Se isso realmente ocorre, o fato poderia em parte explicar o fenômeno da multinucleação das célu-las musculares estriadas.
